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PRELIMINARY AND SHORT REPORT
DIFFERENTIAL STAINING OF MITOCHONDRIA AND TONOFIBRILS IN HUMAN
EPIDERMIS*
HERMANN PINKUS, M.D. AND CATHERINE HEISE STEELE, M.D.
The nature of the epidermal tonofibrils and their relation8hip to the mitochondria have
been under discussion for many years. Regaud and Favre (1—5) have considered
Herxheimer's spirals as the beginning of the mitochondrial as well as the tonofibrillar sys-
tems in the epidermis, and they also believe that the desmosomes or bridge nodules are
mitochondrial in nature. This view was recently quoted by Montagna (6) in his review
on the cytology of the mammalian epidermis. Inasmuch as Herxheimer's spirals and desmo-
somes can be stained with methods that do not demonstrate mitochondria and after certain
fixatives that are detrimental to mitochondria, it appeared advisable to review earlier ob-
servations that had led one of us (Pinkus 7) to conclusions different from those of Regaud
and Favre.
Heidenhain's iron hematoxylin and its modifications, which were used by Regaud and
Favre, stain mitochondria as well as tonofibrils. It was therefore thought best to try to stain
these structures differentially in the same section. This had been done by Pinkus (7) through
the combination of Bensley's aniline-acid fuchsin-methyl green method with Tjnna's methyl
violet-iodine method. Recently Cain (8) recommended the substitution of sodium carbonate
solution for the methyl green in Bensley's method. In our hands, the following procedure
was used successfully:
1. Small pieces of skin, not more than 2 mm. thick, are fixed immediately in Kolater's
fluid, which has been found more satisfactory than other methods for the preservation of
the natural shape of mitochondria (Hensel 9). Kolster's fluid is prepared by mixing 2 parts
of a 5% solution of potassium dichromate, 2 parts of a 2% solution of potassium chromium
sulfate, and 1 part of full strength formalin (neutralized with magnesium carbonate) im-
mediately before use. After 24 hours in this fluid, the tissues are transferred to a mixture of
equal parts of a 5% solution of potassium dichromate and a 2% solution of potassium chro-
mium sulfate for 3 days.
2. Tissues are washed in running tap water for 24 hours, dehydrated in alcohol, and em-
bedded in paraffin using xylene as an intermediary. Sections are cut 4ithick.
3. After removal of the paraffin and hydration, sections are stained in a 3% solution of
Fuchsin-Acid C.I. No. 692 in aniline water at room temperature for from 3 to 5 hours.
4. Sections are rinsed in distilled water and decolorized in a bath prepared by adding one
drop of a saturated solution of sodium carbonate to twenty milliliters of distilled water.
Usually from 10 to 20 seconds are sufficient to remove most of the red color.
5. Decolorization is stopped by dipping the slide into one percent hydrochloric acid.
Cain's procedure has the advantage that the effect can be controlled microscopically at
this point. Step 4 can be repeated if the sections are still too red. If they are too pale, they
can be restained with acid fuchsin.
6. Sections are rinsed in distilled water and stained for 1 hour in a solution prepared
by dissolving 1.5 gm. of gentian violet (methyl violet C.I. No. 680) in 100 ml. of a 10% solu-
tion of ammonium aluminum sUlfate.
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7. The slides are washed thoroughly in distilled water and are mordanted for 8 minutes
in Unna's iodine-potassium iodide solution. This solution is a 5% solution of potassium
iodide to which a small crystal of iodine (approximately 0.01 gm.) has been added for each
100 ml.
8. The sections are blotted almost dry and dehydrated in a mixture of 1 part of aniline
and 4 parts of xylene by volume. Sections may stay in this mixture for from 15 to 30 seconds.
9. If not decolorized enough, decolorization may be completed in a mixture of equal parts
of aniline and xylene for from 30 to 60 seconds.
10. Slides are washed in 2 changes of xylene and sections are mounted in Permount or
similar media.
Although this method requires considerable experience, it permits the differential demon-
stration of tonofibrils, which are stained deep purple, and mitochondria, which are stained
bright red, not only in the same section, but in the same cell. It can be shown that
Herxheimer's spirals as well as desmosomes are stained purple. The first part of this
procedure, without the addition of Unna's formula, stains mitochondria red, but does not
stain either spirals or desmosomes.
SUMMARY
A staining method is described that permits differential staining, in contrasting colors,
of mitochondria and tonofibrils, including Herxheimer's spirals and desmosomes, in the
same section of human skin.
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